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Special Report 
ACID RAIN 
A Complex Issue for Minnesota 
Editor's Note: On January 21, 1984, a seminar entitled Acid Rain was held at Hamline University, St. Paul, Minnesota. 
The seminar, cosponsored by the St. Paul Dispatch and Pioneer Press, WCCO-lV, WCCO Radio Inc., and the Hamline 
University Law School, included panels which addressed the scientific, political, utility, and public perspectives 
concerning the acid rain issue. Panel participants included representatives from the Minnesota Pollution Control 
Agency, Wisconsin Department of Natural Resources, University of Minnesota, Northern States Power Company, 
Wisconsin Electric Power Company, Cooperative Power Association, National Clean Air Coalition, Nation's Business, 
the Minnesota tourist industry, and the Ontario Ministry of the Environment. 
Because of the continuing interest in the acid rain issue in Minnesota, the Minnesota Academy of Science journal 
invited seminar participants to provide for publication in thejournalarticles that discuss the acid rain issue from their 
particular perspectives. The following two articles are the result of the invitation. We wish to thank the authors for their 
contributions to the journal. 
ACID RAIN LEGISLATION: 
State and National Activities 
Bradley Beckham, David Bordson 
Bradley Beckham is chief of ihe Program Development & Air 
Quality Analysis Section of the Minnesota Pollution Control 
Agency's Division of Air Quality, and David Bordson is an 
acid rain specialist with the agency. 
Introduction 
The phenomenon of acid rain has been known since the 
1600s. Yet, the general public has become aware of the envi-
ronmental and economic consequences that can result from 
acid deposition only recently. This new awareness can be 
attributed to increased nationwide emissions of sulfur diox-
ide, and also to industry's attempts in the last decade to 
reduce health problems near emission sources. 
As the industrial revolution developed, most sulfur dioxide 
was released near ground level. With the advent of the Clean 
Air Act, emitters increased stack height and emission veloci-
ties to disperse sulfur dioxide from the immediate area. This 
reduced nearby ambient concentrations, but did not solve the 
environmental problem of sulfur dioxide. The pollution was 
simply transported from close to the source, across some-
times great distances, only to be deposited in other states and 
countries as acid deposition. 
Scandinavia, and more recently West Germany, realize that 
they have felt the effects of acid rain. As the condition of these 
nations' sensitive resources have deteriorated, control plans 
have been adopted by their respective governments to halt 
ongoing damage by this subtle pollution. 
State Program 
Although Minnesota has yet to see an acidified lake within 
its boundaries, the state legislature felt that a preventive solu-
tion rather than a mitigative solution was needed to protect 
our sensitive resources. This acknowledgement of potential 
danger resulted in the passing of the Acid Deposition Control 
Act of 1982. 
This act is the only one of its kind in existence today. After 
explicitly acknowledging the potential dangers of acid rain, 
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the state legislature sets forth a timetable that the Minnesota 
Pollution Control Agency (MPCA) must meet to systematically 
reduce the danger of acid rain within Minnesota. The 
requirements of the act include: 
1. A designation of sensitive areas by January 1, 1983. 
2. A deposition standard that will protect these sensitive areas 
by January 1, 1985. 
3. A control plan to attain and maintain the deposition stand-
ard by January 1, 1986. 
4. Compliance of affected sources by January 1, 1990. 
This timetable allows Minnesota to properly address in-
state sources' contribution to acid deposition. However, the 
state legislature recognized that controlling in-state sources 
exclusively may not solve the problem. Modelling has shown 
that outstate sources may contribute 70 percent of acidic 
deposition in Minnesota. Therefore, a section was included in 
the Acid Deposition Control Act that asks the MPCA to also 
address outstate sources. This includes taking an active role 
on the federal level and encouraging other states and Cana-
dian provinces to also recognize the potential impacts of acid 
rain. 
The MPCA has been working hard to fulfill all aspects of the. 
mandate the state legislature has given us. A final report of 
sensitive areas was approved by the Citizen's Pollution Con 
trol Board in 1983. Approval came after public meetings were 
held and after interested parties had reviewed the research 
done by the Acid Rain Program staff. 
The next landmark of the act the MPCA must meet is a 
deposition standard to halt degradation of Minnesota's sensi-
tive resources. To this end, work is currently being done to 
better understand threshold levels for damage due to acidic 
deposition in Minnesota's soils and aquatic ecosystems. 
Included in this effort is an ongoing survey of 37 special 
study lakes, intensive integrated watershed studies of another 
six lakes, and intensive sensitive soils research, which is being 
performed with the assistance of the University of Minnesota. 
It is our hope that results from these studies can be extrapo-
lated to other sensitive areas in Minnesota with similar 
characteristics. 
Control plan development is also currently underway. Wet 
deposition and precipitation chemistry have been studied for 
some time through various precipitation monitoring net-
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works operating within Minnesota. These include the Minne-
sota Pollution Control Agency Network, the National Atmos-
pheric Deposition Program, and the Minnesota/ Wisconsin 
Power Suppliers Group. We also hope to better estimate dry 
deposition through the installation of! ow-level sulfur dioxide 
and sulfate monitors throughout the state. 
Computer modelling of the long-range and mesoscale 
transport of sulfur dioxide is also currently underway. Model-
ling results will be used to assess relative source contributions 
to deposition within Minnesota. Results from these programs 
will be integrated with the aquatic and terrestrial research 
currently underway to assure an economically responsible 
and environmentally effective control plan. 
As implementation of the act began, we felt it was necessary 
to keep interested parties informed about recent develop-
ments. A Technical Review Committee comprising represen-
tatives from affected concerns such as forestry, power supply, 
agriculture, health and environmental groups meets periodi-
cally to discuss research performed by the MPCA and others. 
This assures data compatibility from such areas as precipita-
tion monitoring, and also allows interested parties to critique 
the steps being taken to implement the Acid Deposition 
Control Act. 
Intergovernmental Activities 
As the Minnesota legislature recognized, acid rain does not 
respect territorial boundaries. The MPCA has been active at 
several levels of government, helping various groups to 
understand the regional nature of acid rain. We consider these 
efforts to be an integral part of the Acid Rain Program. 
Activities on the state, federal and international levels 
include: 
1. Submitting testimony opposing certain elements of the 
Green Bay Sulfur Dioxide State Implementation Plan. The 
MPCA questioned the industry compromise, which would 
have allowed stack height increases as a means of reducing 
nearby ambient air pollution. 
2. MPCA staff helped clarify both the positive and negative 
aspects of the emission cap proposal brought before the 
Wisconsin legislature. The MPCA was concerned that the 
proposal would still allow a substantial increase of sulfur 
dioxide emissions. 
3. The MPCA submitted various letters of comment regarding 
such issues as Michigan's sulfur-in-fuel limitations and the 
proposed emissions from the Atikokan Power Plant in 
Ontario. 
4. We have also worked with Michigan and Wisconsin to 
convince the federal administration of our concern for 
sensitive areas in our states, and to lobby for similar pro-
posals specifying components of federal legislation. This 
resulted in a meeting between representatives from these 
.three states and the U.S. Environmental Protection Agency 
(EPA) in December, 1983. 
5. The MPCA and the Ontario Ministry of the Environment 
participated in negotiations that resulted in a signed Mem-
orandum of Understanding between the two governments 
during August of 1983. This has resulted in the sharing of 
resources to improve our knowledge of acid deposition. 
For example the Canadians have provided us with a statis-
tical model showing the relative contribution to deposi-
tion in Minnesota. 
6. The MPCA has also been actively participating in federal 
legislative proposals and maintain a working relationship 
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with the offices of both Senator Durenburger and Repre-
sentative Sikorski. 
7. Governor Perpich and the MPCA are currently working 
together to form an acid rain resolution for the National 
Governors' Association (NGA). 
NGA Activity 
The NGA provides an excellent forum for the discussion 
and adoption of federal acid rain reduction recommenda-
tions. Any approved NGA proposal for Congress would affirm 
America's desire to mitigate acid rain. It would also tell those 
representatives who do not believe acid deposition is a prob-
lem in· their own state to look beyond their constituents' 
borders to the overall environmental well-being of this 
nation. For this reason, I believe it is important to explain 
further our past and present work with the NGA. 
Over the past two months, the NGA Executive Committee 
has been drafting an acid rain policy recommendation. The 
following specific elements of an acid rain reduction program 
have been approved by the Executive Committee staff: 
1. A two-phase reduction program, requiring a 5 million ton 
Phase I reduction in the 31 states bordering and east of the 
Mississippi River in Phase I, based on emissions in a state in 
excess of 1.2 lb/ MMBTU, to be completed six years after 
the enactment of legislation. 
2. This would be followed by a three-year evaluation period. 
At the end of that time, the EPA administrator wilL deter-
mine the scope of the second phase. This is an opt out 
provision whereby unless the administration demonstrates 
there is no longer a problem, Phase II reductions must be 
implemented. 
3. The second phase will also require a reduction of5 million 
tons from the same 31 states based on the same emission 
formula as Phase I. This must be completed four years after 
the evaluation period. 
4. The baseline year for reductions in Phase I would be 1980. 
There is now some debate concerning the base year for 
Phase II reduction. Some states would like 1990 tO be the 
Phase II base year to accommodate growth in the 1980s. 
However, all new utility sources of emissions must already 
comply with New Source Performance~';tandards (NSPS) 
that limit facilities to under a 1.2 lb/ MMBTU emission rate. 
5. States would be permitted maximum flexibility in deter-
mining how reductions shall be achieved. 
The NGA Executive Committee has not yet agreed upon a 
funding mechanism for the proposal. Governor Perpich and 
the MPCA recognize that an imaginative funding mechanism 
is imperative for the enactment of a federal reduction bill. For 
this reason, we have been working with the governor and 
have proposed a policy statement to be discussed at the 
February meeting of the NGA. 
Governor Perpich's Proposal 
In addition to a proposed funding mechanism, Governor 
Perpich 's proposal differs in some fundamental aspects with 
what has already been approved by the Executive Committee. 
We believe these alternative ideas will result in a more effec-
tive control plan, regardless of which funding plan is 
approved. These include: 
1. A reduction of 12 million tons. This reflects a 50 percent 
reduction that experts feel is necessary for a significant 
reduction in deposition. 
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2. The first phase of the reduction would require an average 
statewide emission rate of 2.0 lb/ MMBTU. 
3. Additional reductions would be required in Phase II to 
reduce state average emission rates to 1.2 lb/ MMBTU. This 
would focus immediate reductions from those areas that 
are the "dirtiest" sources, instead of equal reductions for 
all states in both the first and second phases. 
4. Nitrogen Oxides would have to be reduced 4 million tons 
by 1995. This goal would be accomplished through new 
source standards for power plants and trucks. 
But, as stated earlier, the key section of this policy is the 
funding mechanism. The only guideline so far approved by 
the Executive Committee is that it should be "an equitable 
plan designed to avoid economic disruption and allow for 
past pollution control investments." 
Various alternatives have already been proposed in Con-
gress ranging from no funding, to an electric generation tax, to 
a pollution tax per ton of S02 emitted. 
However, due to various regional concerns, these funding 
mechanisms may not succeed in gaining the support neces-
sary for congressional approval. 
From our disd1ssions at the NGA, it has become evident 
that the western states are concerned about paying an "acid 
rain generation tax" to subsidize large polluters in the mid-
western United States. This region is also concerned about the 
taxation of hydroelectric power generation. These utilities 
feel penalized for producing power that does not contribute 
to the acid rain dilemma. 
On the contrary, the industrial states of an economically 
depressed Midwest feel the added burden of a pollution tax 
(or no funding at all) will result in large electricity price 
increases and layoffs in the coal mining and heavy industries 
within their region. 
There currently is no acid rain bill that can meet both 
regions' concerns. This hampers the viability of enactment of 
an acid deposition control bill in the near future. Therefore, 
the governor has proposed a combined funding program that 
ACID RAIN LEGISLATION: 
Northern States Power Company Perspective 
J.L. Wolf, R.S. :c!vans 
fl. Wolf and R.S. Evans are with the Environmental and 
Regulatory Activities Department, Northern States Power 
Company, Minneapolis. 
Introduction 
Acid rain is in the news increasingly these days, covered 
almost daily by the press. The media approach is fairly basic-
it is usually rooted in the familiar notion that "what goes up 
must come down. " 
Acid rain is a scientifically complex phenomenon. What 
goes up either does not come down -where it is expected, at 
least- or comes down in another form. It produces emo-
tional demands for oversimplified political decisions, while 
requiring rigorous technical analysis. 
Northern States Power Company (NSP) recognizes the 
many dimensions of this complicated issue. Our policy and 
actions try to deal with each of them. 
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we hope will meet the concerns of the NGA and the various 
regions of the country its members represent. 
Funding would be derived from an equal combination of a 
fossil-fuel and imported electricity tax and a tax on sulfur 
dioxide emissions greater than 1.2 lb/ MMBTU. These funds 
may be used to pay for up to 50 percent of the capital costs of 
any equipment needed to reduce emissions to each state's 
required levels. The funds will be allocated in proportion to 
the total reductions required for each state. 
In addition, the governor proposes that up to 1 percent of 
the fund should be available to each state for any form of 
sulfur emission reduction expenditures, including operation 
and maintenance. 
It has already been shown that a funding program is vital to 
realize nationwide reductions of sulfur dioxide emissions. 
We hope the NGA will recognize that our proposal is a proper 
compromise, and that regional concerns have been taken into 
account. 
A national reduction program, accompanied by state legis-
lation similar to Minnesota's Acid Deposition Control Act, are 
necessary to ensure that the ultimate goal of preserving our 
natural resources, both in Minnesota and nationwide, will be 
achieved. 
Postscript 
On February 28, 1984, the National Governors' Association 
approved the original resolution introduced earlier by the 
NGA Executive Committee. However, the question of how to 
finance the cleanup program still remains unresolved. Due to 
the active role taken by Governor Perpich, he will be an 
integral part of a new funding task force. It is hoped that a 
committee recommendation for funding will be ready in time 
for the NGA summer meeting. 
The MPCA staff is continuing the work necessary to fulfill 
the requirements of the Acid Deposition Control Act. Public 
meetings will be held statewide beginning in early 1985. The 
hearing to determine a deposition standard and control plan 
will be held in August, 1985. 
Scientific Studies 
Research in the field of atmospheric deposition has con-
centrated on four major areas: physical transport of pollutants 
in the atmosphere; chemical transformation of those pollu-
tants during their transport; micrometeorological processes 
governing deposition of the products; and the environmental 
impact of those products. The amount of money invested by 
both the private and public sectors is direct indication of the 
intensity of this research. 
Private research funds from i980-1982 came from the utility 
(80 percent), transportation (8 percent), coal (6 percent), 
and petroleum industries ( 4 percent). The total was about 
$18.4 million ( 1 ). Each industry except petroleum increased 
research spending annually during the period ( 1 ). Such 
increases reflect the general process of scientific discovery: 
developing a hypothesis, preparing an experimental program 
to test that hypothesis, and then carrying out the test. 
It is common knowledge that the last step is the most 
critical, most expensive, and often the most time-consuming. 
Of the thirteen private, long-term projects costing more than 
$1 million, only two are complete. One is due for completion 
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this year, and 10 will not be completed until 1985-1988 (1). 
Atmospheric deposition research in the public sector 
showed similar increases from 1979 to 1981. The U.S. 
Department of Energy increased its funding for acid deposi-
tion research from $861,000 in fiscal 1980 to $1,319,000 in 
fiscal1981; EPA's funding for fiscal1979 was $3.56million and 
increased to $5.29 million in 1980 (2). Funding for fiscal1983 
for these two agencies was $2.96 million and $11.44 million, 
respectively (3 ). 
Trends in research programs and spending show that acid 
deposition-related research is increasing. Scientists do not yet 
have definitive answers to important questions related to the 
atmospheric deposition process. 
What pollution sources are responsible for effects observed 
at a given receptor area? Scientific, political, and public arenas 
are giving substantial and justifiable attention to this aspect of 
atmospheric deposition. The answer, or at least an educated 
guess, is of fundamental importance in developing an acid-
deposition control plan. Computer modeling and tracer 
axperiments are two methods that ultimately will address the 
question. Recently the National Center for Atmospheric 
Research (NCAR) embarked on an ambitious project to 
develop and use a credible computer model that would guide 
the design and assessment of field measurement programs. 
The goals are to be able to predict regional acid deposition 
rates and source-receptor relationships, and to provide reli-
able estimates of the effects of control strategies ( 4 ). The basis 
for deciding to proceed in this direction was a realization that 
there were fundamental weaknesses in the present models of 
regional acid deposition (5). The target date for completion 
and documentation of the model is january 1987 ( 4 ). 
NCAR's regional computer model would be of minimal use 
unless verified by experimental data. Two proposed atmos-
pheric tracer studies would provide such data. The National 
Oceanic and Atmospheric Administration (NOAA) planned 
its Cross-Appalachian Tracer Experiments ( CAPTEX) to begin 
in late summer 1983. The initial experiment would trace 
perfluorocarbon gases released from Ohio and Ontario across 
the northeastern United States and Canada, using 70 to 80 
ground-level sampling sites ranging from 300 to 1100 km 
downwind (6). A second study, termed MATEX (Massive 
Aerometric Tracer Experiment) , is in the initial stages of 
development. This tracer study would also provide data for 
evaluating methods of establishing source/ receptor relation-
ships. The study would monitor the tracer at 600 sampling 
sites over distances similar to those of the CAPTEX (7). This 
proposed effort would cost an estimated $110 million, with 
completion of the program in June 1987 (7) . 
The NCAR modeling, CAPTEX, and MATEX efforts will add 
great insight into specific source-area/ receptor relationships. 
Until then, subjective and arguable statements about those 
relationships are likely. As an example, the statement from the 
National Academy of Sciences (NAS) report on acid deposi-
tion ( 8) "that there is no evidence for a strong nonlinearity in 
the .. relationships between long-term average (S02) emis-
sions and deposition" is subject to a range of interpretations. 
One is that the statement endorses a carte blanche linear 
relationship between S02 emissions and sulfate deposition 
(wet). A second interpretation is that in order to achieve the 
linear relationship, one must observe sulfate deposition over 
the long term and reduce S02 emissions uniformly at every 
source in a half-continent-sized region. 
Dr. Chris Bernabo (the executive director of the National 
Acid Precipitation Assessment Program) verified the second 
interpretation as closest to reality (9). Since it is not realistic to 
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reduce S02 emissions uniformly at every source in a region of 
such size, one must decide the sources most likely to achieve 
the best cost-benefit balance. Scientists recognize that the 
only way to achieve that balance is through an aggressive 
research program. 
For the last seven years, NSP has conducted its own research 
program analyzing rainfall in central Minnesota around its 
Sherburne County Generating Plant ( 10, 11, 12,13 ). The Com-
pany also has been a major participant in a research program 
funded by the Minnesota-Wisconsin Power Suppliers Group. 
This program monitored both wet and dry deposition in other 
parts of the state, notably northern and southern Minnesota. 
An important finding of our research is that the sulfate ion 
concentration in Minnesota rainfall is not an appropriate sur-
rogate for acidity. This is based on the poor correlation 
between concentrations of hydrogen and sulfate ions in rain 
samples analyzed by our research program (r = 0.46, 1981 ; r = 
0.48, 1982) (11,12). This suggests two corollaries to the "what 
goes up must come down" philosophy: "what goes up often 
is altered chemically before it comes down" and "what comes 
down is not necessarily acidic." 
Political Decisions 
In spite of major uncertainties about the causes and cures of 
acid rain , more than 20 federal bills have been proposed, 
ostensibly to prevent acid rain from falling. Most of these bills 
mandate reductions of six to 12 million tons in annual sulfur 
dioxide emissions. Some require reductions in nitrogen 
oxide emissions as well, and a few create taxation systems and 
funds to pay for pollution control equipment. 
None of these bills attempts to quantify the benefits of 
pollutant reductions, but are simply administrative proce-
dures which allocate sulfur dioxide control requirements. 
NSP believes that uncertainties about the relationship 
between sulfur emissions and acid rain make it impossible to 
select a tonnage reduction that will alter rain acidity predict-
ably. But we believe that sulfur dioxide can and should be 
controlled as a pollutant, and that Congress can design rea-
sonable legislation to reduce present levels of sulfur 
emissions. 
NSP Position on Legislation 
Sulfur dioxide control is not the only acid rain issue. Con· 
trol legislation must be more than mandated sulfur reduc-
tions, brought about by any mechanism. Reasonable acid rain 
legislation must be effective, achievable, and equitable. 
Effective acid rain legislation must deal with all pollutants 
that affect rain chemistry, and it must be national in scope. 
Anything less would ignore significant issues in search of 
political convenience. We must consider oil and gas electrical 
generating capacity and mobile sources of pollution. We must 
continue research into the acid rain phenomenon and new 
control technologies. 
Simple tonnage or percentage reductions are not realistic 
or achievable without some implementation plan. We believe 
S02 reductions are best achieved with emission rate limita-
tions applied to all existing sources on a realistic schedule. 
Perhaps most difficult is the issue of assuring equitable 
regulation. We believe that equitable acid rain legislation 
should consider past reductions of pollutants and invest-
ments in pollution control. While we also believe that pollu-
tant sources should take their own steps to reduce 
emissions-the polluter should pay- the economic impacts 
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of control_ requirements might be substantial. If a national 
funding mechanism is necessary, then a taxation system 
based on pollutants is more equitable than one based on 
sales. Sources that already have paid for major pollutant 
reductions will benefit from these efforts, and sources that 
have not will be encouraged to do so. 
Technical Solutions 
NSP bases its support for control of emissions from existing 
power plants, not only on its belief that sulfur dioxide should 
be controlled as a pollutant, but also on our own success in 
doing so. 
In 1970 NSP operated seven coal plants with combined 
sulfur dioxide emissions of approximately 235,000 tons per 
year. By 1980, NSP reduced those emissions to about 105,000 
tons per year-a 66 percent reduction. Figures 1 and 2 show 
the reductions at each plant and how coal-fired energy pro-
duction increased over the ten-year period while S02 emis-
sions decreased. Figure 3 shows 1970 individual plant emis-
sion rates, all in excess of 5lb/MBtu of heat input to the boiler. 
For several of the plants, emission rates were in excess of 6.0 
lb/MBtu. By 1980 every facility was at or below 3 lb/MBtu. 
NSF's two newesfand largest units in Sherburne County oper-
ate below 0.7 lb/MBtu. These major reductions in sulfur 
dioxide over the entire NSP system result in a present system-
wide average emission rate below 1.5 lb/MBtu. We estimate 
that NSP accomplished these reductions at a pollution control 
cost of more than $300 million to NSF's ratepayers. 
NSP has striven to be a leader in emission reduction and 
pollution-control technology. Every NSP coal-fired power 
plant burns at least 80 percent low sulfur Western coal. Sher-
burne County Units 1 and 2 burn 100 percent low-sulfur coal 
and employ flue gas desulfurization systems known as "wet 
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Figure 2. Historical Sulfur Dioxide Emissions and Energy Production 
from NSP's Coal-fired Generation System. 
scrubbers." These scrubbers reduce sulfur dioxide by 60 to 70 
percent and remove 99 percent of the particles. At NSF's 
Riverside Plant, Units 6 and 7 are retrofitted with a new 
technology known as "dry scrubbing," reducing sulfur diox-
ide concentrations by 70 to 80 percent, combined with a very 
efficient bag house filter. NSP plans to develop an experimen-
tal fluidized bed combuster at its Black Dog Plant. This new 
technology could provide a method of reducing sulfur diox-
ide that is less expensive than scrubber-type systems. We also 
began construction in August 1983 of Sherco 3, our newest 
coal plant, which is jointly owned with two municipal power 
agencies in Minnesota. This unit will be NSF's largest and 
cleanest coal-fired power plant, employing the latest control 
technology. Sherco 3 will use a dry scrubbing system and bag 
house filters to hold emissions to extremely low levels. It will 
operate at conditions more restrictive than federal New 
Source Performance Standards. 
NSF's use of a variety of control methods resulted in major 
reductions of sulfur emissions over the last decade-effective 
control of sulfur dioxide accomplished at reasonable cost. 
Conclusion 
NSP supports sulfur dioxide control legislation, including 
the regulation of existing fossil fuel power plants. But we 
believe this legislation must address many factors, including 
other pollutant sources, economic and technological feasibil -
ity, past investments in pollution control, regional differences 
in pollutant emissions and sensitive areas, and the fair distri-
bution of costs. We are committed to improving our under-
standing of acid rain through scientific research and further 
efforts to reduce pollution from our facilities. 
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